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Abstract
China is one of the main production areas of pummelo [Citrus grandis (L.) Osbeck.] in the world and has lots of distinctive local cultivars.
Systematic research on the detection of phenolics and antioxidant capacity of peels of mature local cultivars pummelo fruits is rare. In the current
study, phenolic composition and content in peels (flavedo and albedo) of ten Chinese local pummelo cultivars were determined using Ultraviolet
Spectrophotometer and High Performance Liquid Chromatography (HPLC), and their antioxidant capacities were evaluated using 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radicals, ferric reducing antioxidant power (FRAP), and 2,2′-azino-bis (3-ethylbenzthiazoline-6)-sulfonic acid (ABTS)
methods in the current study. The research not only provides data that support making full use of the resources of Chinese local pummelo cul-
tivars, but also lays the theoretical basis for research of pummelo fruit nutrition and health values. The results showed that the total phenolic (TP)
content in albedo was significantly higher than that in flavedo; on the contrary, the total flavonoid (TF) content was lower in the albedo than in
the flavedo. C. grandis ‘Hongxinyou’ flavedo contained the highest TP contents, C. grandis ‘Liangpingyou 78-8’ flavedo contained the highest
TF contents, and C. grandis ‘Guanxi Miyou’ albedo contained the highest TP and TF contents. Naringenin, hesperetin, diosmin, and gallic acid
were the predominant phenolics in the flavedo, whereas hesperetin, diosmin, rutin, chlorogenic acid, and gallic acid were the primary phenolics
in the albedo. The flavedo of C. grandis ‘Yubei Shatianyou’ and the albedo of C. grandis ‘Dianjiang Baiyou’ had the highest antioxidant potency
composite (APC) indexes. Overall, the ‘Yubei Shatianyou’ flavedo and the ‘Dianjiang Baiyou’ albedo are excellent sources of antioxidants and
have the greatest potential value for exploitation and utilization.
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1. Introduction
Polyphenols are one class of secondary metabolites in plants.
They not only play an important role in plant resistance against
pests and diseases, but also are important dietary nutritional
sources for human beings. As one of the most important fruits
in the world, citrus is a large family including sweet orange (Citrus
sinensis), mandarin or tangerine orange (C. reticulata), grape-
fruit (C. paradisi), lemon (C. limon), and lime (C. aurantifolia).
Pummelo is a major type of cultivated citrus species. Their fruit
not only has a unique flavor, but also high nutritional value. Pre-
vious studies have proved that pummelo’s health-promoting
properties mainly depend on flavonoids and phenolic acids, which
have anti-inflammatory and anti-cancer characteristics, that may
play a role in the prevention of cardiovascular disease, diabe-
tes, and other diseases (Viuda-Martos et al., 2010; Zhang et al.,
2014).
China is one of the major production areas of pummelo and
has long cultivation history for this crop. It has been found that
there are more than 120 pummelo cultivars (Zhang et al., 2001).
According to geography, climate, and other natural factors,
pummelo has three producing centers in China, namely, the South
China district, the Southeast coastal region, and the Southwest
and South regions (Ran et al., 2013). In recent years, many
researches on pummelos have been focused on field genetics using
molecular markers to investigate genetic mapping (Chai et al.,
2013), identify germplasm resources (Chen et al., 2012), etc. With
the exploration of bioactive substance compounds and the
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antioxidant capacity of citrus fruits such as sweet orange, lemon
(Abad-García et al., 2012a), grapefruit (Goulas and Manganaris,
2012), orange (Chen et al., 2010), and mandarin (Zhang et al.,
2014), researchers are currently studying the phenolic compo-
sition (He et al., 2011; Goulas and Manganaris, 2012) and
antioxidant capacity in each part of the pummelo (Fang et al.,
2013; Xi et al., 2014). However, systematic studies on the de-
tection of active substances and antioxidant capacity of the flavedo
and albedo of mature fruits of Chinese local pummelo culti-
vars are rare.
The objective of the present study is to characterize the phe-
nolic content and composition of local Chinese pummelo flavedos
and albedos, and to evaluate the total antioxidant capacities of
the flavedos and albedos. This research will provide the infor-
mation for pummelo plant cultivation and the protection and
utilization of Chinese pummelo resources.
2. Materials and methods
2.1. Plant material
All local citrus cultivars which are well-known in China and
the main varieties of Chongqing were collected from the main
pummelo production areas in Chongqing, China (Table 1). Fruits
were harvested at the commercial maturity stage (late Novem-
ber) of eight-year-old seedlings based on external color and size
uniformity. After harvest, peel samples of each cultivar were
divided into flavedo and albedo, cut into small pieces, dried to
a moisture content of less than 5%, and sieved through 60-
mesh sieve. Then the powders were stored in the dryer for until
use.
2.2. Chemicals
Eriocitrin, hesperidin, rutin, diosmin, hesperetin, sinensetin,
nobiletin, tangeretin, gallic acid, chlorogenic acid, and ferulic
acid were purchased from J & K Scientific Ltd. (Beijing, China).
Eriodictyol, naringenin, caffeic acid, methanol, formic acid, trolox,
DPPH, 2,4,6-tripyridyl-s-triazine (TPTZ), and ABTS were all ob-
tained from Sigma (St. Louis, MO, USA). Other analytical
reagents were obtained from Chengdu Kelong Chemical Reagent
Co. (Chengdu, China).
2.3. Phenolics extraction
Eight milliliters of methanol was added to 0.4 g of fruit sample.
The mixture was shaken completely, extracted using ultrasonic
ions for 30 min at 50 °C, and then centrifuged at 5 000 × g for
15 min. Supernatants were extracted twice with the same pro-
cedure. All supernatants were merged and diluted to 25 mL with
methanol. The solutions were then stored at −20 °C (Ramful et al.,
2011; Ran et al., 2013).
2.4. Determination of TP and TF
TP was determined using the Folin–Ciocalteu method with
some modifications (Singleton et al., 1999); 0.25 mL extract,
0.75 mL ddH2O, and 1 mL Folin–Ciocalteu were mixed in 10 mL
centrifuge tubes and shaken thoroughly. After standing for 5 min
without light, 1 mL of 5% Na2CO3 solution was added and mixed.
After 60 min, the absorbance was detected at a wavelength of
765 nm using ultraviolet spectrophotometry.
TF content was determined by the method of Kim et al. (2003)
with some modifications; 0.7 mL ddH2O was added to 0.5 mL
extracts and mixed completely. Then 0.3 mL 5% NaNO2 was
added and the mixture was kept for 5 min. After adding 0.2 mL
10% Al(NO3)3, the mixture was incubated for 6 min, and then
2 mL 1 mol · L−1 NaOH was added. After incubating for 15 min
at room temperature, the absorbance was detected at a wave-
length of 500 nm.
2.5. Phenolics determination by HPLC
Phenolic standards (10.00 mg each) were dissolved in metha-
nol and diluted to 10 mL. The phenolic compounds in the flavedo
and albedo extracts of each genotype were detected according
to HPLC methods (Zhang et al., 2012). After filtration through
a Millipore membrane (0.22 μm), 10 μL of solution was in-
jected into the HPLC system. Chromatographic separation was
performed using a reverse phase column (Diamonsil C18,
250 mm × 4.6 mm internal diameter). The mobile phase was
composed of methanol A and aqueous B at a flow rate of
0.7 mL · min−1. The column temperature was maintained at 25 °C.
Gradient elution was performed as described in Table 2. The
five flavanone standards were detected at a wavelength of 283 nm.
The four flavone standards were detected at a wavelength of
330 nm. Rutin was the only flavonol standard used in this
study that was detected at a wavelength of 367 nm. Four phe-
nolic acid standards were detected at wavelengths of 260 nm
and 320 nm. The liquid chromatograms of all samples were
Table 1 The pummelo cultivars used in the present study
No. Cultivar Abbreviation Origin
1 Wubuyou WB Banan, Chongqing, China
2 Changshou Shatianyou CS Changshou, Chongqing, China
3 Dianjiang Baiyou DJ Dianjiang, Chongqing, China
4 Hongxinyou HX Fengdu, Chongqing, China
5 Kuiyou KY Fengjie, Chongqing, China
6 Guanxi Miyou GX Hechuan, Chongqing, China
7 Humiyou 1 HM Liangping, Chongqing, China
8 Liangpingyou 78-8 LP Liangping, Chongqing, China
9 Yubei Shatianyou YB Yubei, Chongqing, China
10 Zhenlongyou 3 ZL Zhongxian, Chongqing, China
Table 2 Program of gradient elution
Time/min Methanol/% 0.1% formic acid (aqueous)/%
0 37 63
20 50 50
35 80 20
40 100 0
50 100 0
60 37 63
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conducted qualitative and quantitative analysis combined with
standard curve.
2.6. Determination of total antioxidant capacity
The DPPH, FRAP and ABTS methods were used for anti-
oxidant capacity assays. DPPH was conducted according to
Gorinstein et al. (2004) with some modifications. 3.5 mL of DPPH
solution (75 μmol · L−1) were added to 0.5 mL of extract. After
reacting for 30 min without light, the absorption of the mixture
was detected at a wavelength of 500 nm. FRAP was carried out
according to Benzie and Strain (1996) with some modifications.
0.1 mol · L−1 acetate buffer (pH 3.6), 10 mmol · L−1 TPTZ, and
20 mmol · L−1 ferric chloride (FeCl3) were mixed (10:1:1, volume
ratio). Then 1.9 mL FRAP reagent was added to 0.1 mL of extract.
The absorbance was detected at a wavelength of 593 nm after
15 min. ABTS was determined according to the method of Almeida
et al. (2011) with some modifications; 176 μL potassium persulfate
(K2S2O8) (140 mmol · L−1) and 10 mL ABTS+ (7 mmol · L−1) were
combined and reacted without light for 12–16 h. Then the ABTS
solution was diluted with 95% ethanol to an absorption value of
0.7. Then 0.2 mL extract was added to 3.8 mL ABTS reagent. The
absorbance was measured at a wavelength of 734 nm after 10 min.
All absorbance values were determined by using the ultraviolet
spectrophotometry mentioned above. Antioxidant values were cal-
culated by standard curve method and expressed as μmol trolox
equivalents (TE μmol · g−1 DW).
2.7. Statistical analysis
All data are shown as the mean value ± standard deviation
of three replicates. Excel 2010 and SPSS v19.0 software were
used for statistical data analysis. One-way ANOVA and Pearson’s
correlation analysis were used to calculate the statistical sig-
nificance of the different samples.
3. Results
3.1. Total phenolic and total flavonoid contents in pummelo
flavedo and albedo
The TP contents in the flavedo and albedo of 10 local pummelo
cultivars showed significant differences (P < 0.05) (Fig. 1). The
TP content variation range in flavedo was from 6.04 to
11.53 mg · g−1 DW (gallic acid equivalents). HX had the highest
TP content, followed by CS and DJ, while KY had the lowest
value. Likewise, the TP content in the albedo ranged from 4.56
to 14.75 mg · g−1 DW (gallic acid equivalents). GX had the highest
TP content, followed by WB and HX, while KY had the lowest
TP value.
The TF contents of the flavedo and albedo of the 10 local
pummelo cultivars showed significant differences (P < 0.05)
(Fig. 2). Variation in the TF content in flavedos ranged from 10.65
to 24.28 mg · g−1 DW (rutin equivalent). LP had the highest TF
content, followed by CS and DJ, while KY had the lowest TF
value. Likewise, the TF contents in albedo ranged from 5.10 to
11.64 mg · g−1 DW (rutin equivalent). GX had the highest TF
Fig. 1 TP contents in the flavedo and albedo of the 10 local pummelo cultivars
WB: Wubuyou; CS: Changshou Shatianyou; DJ: Dianjiang Baiyou; HX: Hongxinyou; KY: Kuiyou; GX: Guanxi Miyou; HM: Humiyou 1;
LP: Liangpingyou 78-8; YB: Yubei Shatianyou; ZL: Zhenlongyou 3.
Fig. 2 TF contents in the flavedo and albedo of the 10 pummelo cultivars
WB: Wubuyou; CS: Changshou Shatianyou; DJ: Dianjiang Baiyou; HX: Hongxinyou; KY: Kuiyou; GX: Guanxi Miyou; HM: Humiyou 1;
LP: Liangpingyou 78-8; YB: Yubei Shatianyou; ZL: Zhenlongyou 3.
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content, followed by DJ and HX, while KY had the lowest TF
value.
3.2. Phenolic components and contents in pummelo flavedo and
albedo
In this study, the results show that the peels of local pummelo
fruits are rich in phenolics. Components and contents of phe-
nolics in flavedo are higher than that in albedo. The main
ingredients of phenolics in different parts of different local
pummelo varieties are basically the same, but the contents are
significantly different.
A total of 14 phenolics were identified from flavedo, includ-
ing 5 flavanones, 4 flavones, 1 flavonol, and 4 phenolic acids
(Table 3). The analysis of the phenolic content in the flavedo in-
dicated that hesperetin, naringenin, and diosmin were the dominant
flavonoids components. HM had the highest hesperetin content
(675.52 μg · g−1 DW). YB had the highest naringenin content
(622.45 μg · g−1 DW), followed by DJ (591.36 μg · g−1 DW) and
KY (467.88 μg · g−1 DW). KY (490.22 μg · g−1 DW) and DJ
(489.06 μg · g−1 DW) were rich in diosmin. Gallic acid was a major
component of phenolic acids; the gallic acid content of DJ was
the highest (1 096.63 μg · g−1 DW), followed by KY
(1 079.14 μg · g−1 DW). However, eriocitrin, hesperidin, sinensetin,
rutin, chlorogenic acid, and caffeic acid were not identified from
several pummelo cultivars.
Furthermore, only 12 phenolics were obtained from albedo,
with the exception of sinensetin and nobiletin (Table 4).
Hesperetin, diosmin, and rutin were major flavonoid compo-
nents in the albedo. The main phenolic acid components were
gallic acid and chlorogenic acid. DJ had the highest hesperetin
(375.77 μg · g−1 DW) and gallic acid (407.55 μg · g−1 DW) con-
tents. CS had the highest chlorogenic acid content (185.24 μg · g−1
DW), followed by ZL (166.34 μg · g−1 DW). Moreover, rutin
content was the highest in YB (193.25 μg · g−1 DW) followed by
GX (183.32 μg · g−1 DW). GX had the highest diosmin content
Table 3 The phenolic compositions in the flavedo of the 10 local pummelo cultivars analyzed in this study μg · g−1 DW
Cultivar Flavanone
Eriocitrin Hesperidin Eriodictyol Naringenin Hesperitin
WB ND ND 8.32 ± 0.79 e 125.31 ± 10.74 ef 343.77 ± 38.09bc
CS 47.57 ± 1.51 c 142.67 ± 2.30 a 17.37 ± 2.13 d 231.75 ± 17.92 c 253.91 ± 6.58 de
DJ 61.59 ± 7.68 bc 105.18 ± 4.51 b 60.87 ± 3.51 a 591.36 ± 17.67 a 392.86 ± 15.60 b
HX 171.42 ± 27.02 a 34.31 ± 8.60 d 32.09 ± 2.79 c 135.24 ± 8.25 ef 319.31 ± 48.94 c
KY 72.78 ± 8.72 b 57.99 ± 5.19 c 52.02 ± 7.68 b 467.88 ± 25.96 b 395.33 ± 21.97 b
GX ND 134.03 ± 19.39 a 17.10 ± 1.10 d 24.82 ± 3.37 g 159.02 ± 16.62 f
HM ND 96.28 ± 4.25 b 16.96 ± 3.32 d 195.52 ± 20.19 d 675.52 ± 40.36 a
LP ND ND 20.16 ± 1.67 d 150.85 ± 13.81 e 29.11 ± 5.91 g
YB ND ND 53.19 ± 4.77 b 622.45 ± 28.81 a 219.29 ± 23.09 e
ZL ND ND 13.18 ± 1.72 de 101.84 ± 3.36 f 292.05 ± 29.05 cd
Cultivar Flavone Flavonol
Diosmin Sinensetin Nobiletin Tangeretin Rutin
WB 307.14 ± 48.34 b 41.68 ± 3.16 de 10.67 ± 1.16 cd 17.38 ± 1.46 c ND
CS 49.59 ± 2.70 d 48.17 ± 3.53 d 12.54 ± 1.41 c 20.76 ± 0.33 b 49.06 ± 3.16 d
DJ 489.06 ± 34.70 a 13.08 ± 1.97 gh 14.05 ± 2.11 c 11.29 ± 0.75 d 95.37 ± 5.24 c
HX 87.83 ± 4.88 d 32.45 ± 3.08 ef 5.22 ± 0.77 e 3.89 ± 0.11 f ND
KY 490.22 ± 40.73 a 11.88 ± 0.53 gh 14.65 ± 2.19 c 11.61 ± 1.42 d 94.81 ± 0.75 c
GX 204.07 ± 15.10 c 23.79 ± 1.31 fg 27.38 ± 2.56 b 17.10 ± 1.28 c 103.70 ± 8.22 c
HM 132.53 ± 7.66 cd 62.37 ± 3.65 c 34.20 ± 5.93 a 16.75 ± 2.88 c 179.10 ± 19.24 a
LP 405.51 ± 96.99 a ND 6.02 ± 0.49 de 7.97 ± 0.34 e ND
YB 44.64 ± 2.70 d 176.78 ± 16.26 a 22.64 ± 1.43 b 51.90 ± 1.60 a 153.05 ± 15.12 b
ZL 76.41 ± 7.12 d 96.80 ± 6.73 b 4.51 ± 0.47 e 7.25 ± 0.32 e ND
Cultivar Phenolic acid
Gallic acid Chlorogenic acid Caffeic acid Ferulic acid
WB 728.74 ± 25.70 bc 195.31 ± 14.24 b ND 7.52 ± 1.45 f
CS 789.13 ± 16.80 b 94.24 ± 6.12 e 33.24 ± 4.84 b 52.24 ± 9.16 b
DJ 1 096.63 ± 12.02 a 428.03 ± 29.02 a 32.21 ± 1.68 b 48.66 ± 2.46 bc
HX 1 037.33 ± 83.98 a 24.25 ± 1.54 g 16.81 ± 1.09 c 24.92 ± 3.31 de
KY 1 079.14 ± 8.27 a ND ND 51.14 ± 3.74 bc
GX 526.99 ± 43.38 d 157.84 ± 6.88 c 19.56 ± 0.50 c 18.40 ± 1.33 ef
HM 615.15 ± 35.68 cd 152.70 ± 10.31 c 19.01 ± 0.60 c 4.50 ± 1.23 f
LP 706.90 ± 81.23 bc 124.49 ± 3.59 d 56.18 ± 6.21 a 87.99 ± 16.90 a
YB 792.33 ± 81.86 b 133.30 ± 11.62 cd 15.53 ± 1.12 c 35.74 ± 9.72 cd
ZL 725.48 ± 60.67 bc 61.86 ± 11.69 f ND 17.22 ± 2.02 ef
Note: ND indicates not detected; data are expressed as means ± standard deviation of triplicate samples. Different letters between rows represent signifi-
cant differences between samples (P < 0.05).
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(957.87 μg · g−1 DW). In general, the phenolic contents in the
two parts of peel were significantly different (P < 0.05).
3.3. Antioxidant capacities
The DPPH values for the flavedo from the 10 pummelo cul-
tivars analyzed ranged from 109.23 to 208.19 TE μmol · g−1 DW
(Table 5). The highest DPPH value was found for YB, whereas
the lowest was found for WB. Moreover, the DPPH values for
the albedo of the different cultivars analyzed ranged from 54.52
to 85.89 TE μmol · g−1 DW. The highest DPPH value was found
in DJ, but the lowest was found in CS. The DPPH values of
flavedo were significantly higher than that of albedo.
The FRAP values for the flavedo of the 10 pummelo culti-
vars analyzed ranged from 96.08 to 183.87 TE μmol · g−1 DW
(Table 5). The highest FRAP value was obtained in DJ, while
the lowest was in WB. However, the FRAP values for the albedo
of the 10 pummelo cultivars analyzed ranged from 36.69 to 56.77
TE μmol g−1 DW. The highest FRAP value was obtained in DJ,
while the lowest was in CS. The same as the DPPH, the FRAP
values of flavedo were significantly higher than that of albedo.
The ABTS values for the flavedos varied from 8.62 to 13.97
TE μmol · g−1 DW (Table 5). The highest ABTS value was found
in DJ, while the lowest was found in WB. In addition, the ABTS
values for the albedos varied from 10.79 to 21.09 TE μmol · g−1
DW. The highest ABTS value was found in DJ, while the lowest
was found in KY. Thus, the ABTS values of albedo were sig-
nificantly higher than that of flavedo.
Because the three methods employed to evaluate antioxi-
dant capacity showed different rank orders for the antioxidant
capacity for the cultivars studied, we then calculated an overall
antioxidant potency composite index (APC index) of the flavedo
and albedo from the 10 pummelo cultivars (Table 5). The APC
index of all the flavedos studied showed overt variation
(55.48–96.42). The overall antioxidant index of extract from YB
was the highest and WB was the lowest. In addition, the APC
index of the albedos of different cultivars studied showed obvious
variation (61.74–100.00). The overall antioxidant index of extract
Table 4 The phenolic compositions in the albedo of the 10 pummelo cultivars analyzed in this study μg · g−1 DW
Cultivar Flavanone
Eriocitrin Hesperidin Eriodictyol Naringenin Hesperitin
WB 40.11 ± 2.77 c 50.23 ± 9.14 a 19.49 ± 0.90 c ND 18.31 ± 1.51 b
CS 56.26 ± 2.26 b 28.64 ± 5.39 b ND ND ND
DJ 22.99 ± 1.23 e 7.78 ± 0.18 d 52.50 ± 7.36 a 4.49 ± 0.36 b 375.77 ± 73.56 a
HX 45.51 ± 4.17 c ND 26.87 ± 4.12 b ND 6.41 ± 0.22 b
KY 22.36 ± 4.82 e 17.40 ± 2.41 c 51.52 ± 4.80 a 5.07 ± 0.76 a 372.74 ± 82.96 a
GX 86.84 ± 3.05 a ND 15.76 ± 2.02 c ND ND
HM 31.17 ± 2.19 de ND ND ND ND
LP 28.72 ± 4.13 de 8.02 ± 1.17 d 5.33 ± 0.63 d ND ND
YB 45.34 ± 4.66 c 23.51 ± 1.25 bc 18.57 ± 1.47 c ND 18.51 ± 2.31 b
ZL 37.33 ± 7.22 cd ND ND ND 12.05 ± 1.35 b
Cultivar Flavone Flavonol
Diosmin Sinensetin Nobiletin Tangeretin Rutin
WB 941.32 ± 100.99 a ND ND 5.96 ± 0.17 c 163.66 ± 6.73 bc
CS 269.24 ± 22.93 e ND ND 3.35 ± 0.20 d 141.28 ± 8.36 c
DJ 519.10 ± 60.19 c ND ND 13.44 ± 1.03 a 62.19 ± 5.61 ef
HX ND ND ND 11.51 ± 1.36 b 73.49 ± 11.67 de
KY 515.18 ± 61.34 c ND ND 12.71 ± 0.96 ab 61.19 ± 1.93 ef
GX 957.87 ± 90.32 a ND ND ND 183.32 ± 10.86 ab
HM 682.73 ± 49.31 b ND ND 3.70 ± 0.30 d 95.61 ± 18.21 d
LP 409.60 ± 42.07 cd ND ND ND 44.71 ± 9.42 f
YB 83.18 ± 2.39 f ND ND 5.09 ± 0.15 c 193.25 ± 17.43 a
ZL 357.54 ± 66.06 de ND ND ND 95.87 ± 10.88 d
Cultivar Phenolic acid
Gallic acid Chlorogenic acid Caffeic acid Ferulic acid
WB 211.50 ± 1.83 c 104.93 ± 20.91 b ND ND
CS 169.61 ± 4.34 d 185.24 ± 16.32 a ND 2.60 ± 0.34 bc
DJ 407.55 ± 36.84 a 64.96 ± 7.91 c 19.02 ± 3.07 a 19.32 ± 2.45 a
HX 340.13 ± 4.32 b 91.86 ± 0.57 d ND 1.12 ± 0.05 c
KY 351.22 ± 4.47 b 63.69 ± 4.63 c 20.28 ± 1.92 a 18.55 ± 2.71 a
GX 335.28 ± 31.50 b ND ND ND
HM 66.10 ± 1.10 f ND ND ND
LP 322.59 ± 9.50 b 22.16 ± 1.94 d ND 4.33 ± 0.37 b
YB 143.65 ± 8.53 de 111.00 ± 10.00 b ND ND
ZL 120.45 ± 19.20 e 166.34 ± 4.25 a ND 1.77 ± 0.26 bc
Note: ND indicates not detected; data are expressed as means ± standard deviation of triplicate samples. Different letters between rows represent signifi-
cant differences between samples (P < 0.05).
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from DJ was the highest and KY was the lowest among the 10
pummelo cultivars. Among the Chinese local pummelo culti-
vars, the flavedo of DJ and the albedo of GX had the highest
phenolic contents and the strongest comprehensive antioxidant
capacity, and therefore, represent good antioxidant phytochemi-
cal materials.
3.4. Correlation between phenolic content and antioxidant
capacity
An analogous trend of correlation between phenolic content
and antioxidant capacity in the flavedos and albedos was ob-
served and shown in Table 6. We found that the TP contents in
the flavedos tested were very significantly positive correlated with
DPPH, FRAP, and ABTS values (P < 0.01); as such, the most
comprehensive antioxidant capacity was found in YB, which has
a very high TP content in its flavedo. This showed that TP content
in the flavedo is consistent with the antioxidant capacity. Yet, the
TP and TF contents in the albedos of different pummelo culti-
vars were significantly or very significantly positively correlated
with DPPH, FRAP, and ABTS values. This revealed that phe-
nolic contents in flavedos and albedos are consistent with
antioxidant capacity.
4. Discussion
4.1. TP and TF contents
To our knowledge, this is the first systematic report of poly-
phenol compositions and antioxidant capacity of flavedos and
albedos of 10 Chinese local pummelo cultivars. We found that
the mean values of TP contents were higher in the albedo than
in the flavedo in all pummelo cultivars, but the mean values of
TF contents presented opposite data. These results are not exactly
consistent with the results obtained by Escobedo-Avellaneda et al.
(2014), who reported that the albedo had higher TP and TF con-
tents than flavedo. However, these differing results may be due
to differences in citrus varieties, as their results were obtained
from Valencia orange fruits.
4.2. Comparative analysis about phenolic components
and contents
The main use of citrus in the food industry is for fresh juice
and citrus-based drinks (Lagha-Benamrouche and Madani, 2013).
The peels of citrus are discarded as waste, yet previous re-
search has shown that citrus peels contain abundant phenolics
(Li et al., 2006). Xi et al. (2014) investigated the flavonoid com-
ponents and contents in the peels of Chinese local pummelo
(Citrus grandis Osbeck.) varieties. Xu et al. (2015) used HPLC
Table 5 The antioxidant capacities (TE μmol · g−1 DW) in the flavedo and albedo extracts of the 10 local pummelo cultivars fruits analyzed
Cultivar DPPH/(TE μmol · g−1 DW) FRAP/(TE μmol · g−1 DW)
Flavedo Albedo Flavedo Albedo
WB 109.23 ± 16.11 g 68.02 ± 0.32 bcd 96.08 ± 12.08 f 38.39 ± 0.79 de
CS 142.56 ± 0.98 def 54.52 ± 1.06 e 122.49 ± 3.75 de 36.69 ± 0.57 e
DJ 183.34 ± 3.77 b 85.89 ± 6.41 a 183.87 ± 7.47 a 56.77 ± 4.43 a
HX 170.38 ± 6.54 bc 69.09 ± 2.90 bc 160.85 ± 9.87 bc 46.81 ± 2.28 bc
KY 140.72 ± 6.61 def 57.35 ± 6.99 cde 125.36 ± 3.97 de 38.22 ± 1.24 de
GX 122.82 ± 9.76 fg 78.38 ± 11.38 ab 111.10 ± 7.84 ef 51.15 ± 3.10 b
HM 157.93 ± 12.96 cd 55.19 ± 6.07 de 154.67 ± 15.36 c 40.24 ± 2.41 de
LP 134.97 ± 17.66 ef 68.65 ± 6.73 bcd 134.13 ± 12.04 d 56.36 ± 1.55 a
YB 208.19 ± 1.91 a 70.17 ± 0.78 bc 179.49 ± 1.06 ab 41.88 ± 1.76 d
ZL 151.04 ± 7.09 cde 64.07 ± 5.51 cde 134.06 ± 5.33 d 42.73 ± 0.71 cd
Cultivar ABTS/(TE μmol · g−1 DW) APC index Rank
Flavedo Albedo Flavedo Albedo Flavedo Albedo
WB 8.62 ± 0.75 f 17.42 ± 0.45 b 55.48 76.46 10 7
CS 11.44 ± 0.45 cd 14.10 ± 0.09 c 72.32 64.98 6 8
DJ 13.97 ± 0.62 a 21.09 ± 0.58 a 96.02 100.00 2 1
HX 13.22 ± 1.09 ab 16.23 ± 0.47 b 87.98 79.94 3 4
KY 9.48 ± 0.26 ef 10.79 ± 0.52 e 67.87 61.74 8 10
GX 10.84 ± 1.17 de 20.87 ± 0.48 a 65.66 93.44 9 2
HM 12.92 ± 0.96 abc 12.53 ± 1.10 d 84.16 64.85 4 9
LP 10.63 ± 0.90 de 14.56 ± 0.86 c 71.28 82.73 7 3
YB 12.80 ± 0.39 abc 16.81 ± 0.42 b 96.42 78.39 1 5
ZL 11.60 ± 0.11 bcd 17.38 ± 0.53 b 76.17 77.43 5 6
Note: Data are expressed as means ± standard deviation of triplicate samples. Different letters between rows represent significant differences between samples
(P < 0.05). APC index score = [(sample score/best score) × 100]. Rank represents the APC index ranking order.
Table 6 Correlation coefficients between phenolic compounds and anti-
oxidant capacity of flavedos and albedos from the 10 local pummelo
cultivars
Material Method Total phenolics Total flavonoids
Flavedo DPPH 0.494** 0.194
FRAP 0.588** 0.011
ABTS 0.746** 0.201
Albedo DPPH 0.590** 0.449*
FRAP 0.363* 0.496**
ABTS 0.829** 0.715**
Note: *Correlation is significant at the 0.05 level; **Correlation is significant
at the 0.01 level.
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to measure 6 major flavonoids from peels of 15 citrus varieties.
The results showed that peels in Ponkan had the highest nobiletin
content and Satsuma and Mandarin had the highest hesperidin
content. In the present study, flavonoid components and con-
tents in flavedo and albedo of peels of the local pummelo cultivars
were reported for the first time. The main flavonoid compound
in citrus is flavanone (Spácˇil et al., 2008; Wang et al., 2008),
which was consistent with the results of this study. The content
of flavonoid compounds, such as hesperidin and naringenin, were
comparable with the results obtained from Abad-García et al.
(2012b) and Bocco et al. (1998). In addition, flavedo was richer
in naringenin than albedo. These results confirm those of the pre-
vious studies (Girennavar et al., 2008; Xi et al., 2014). Thus, the
pummelo flavedo can be used to extract a large number of fla-
vonoids. Simultaneously, we found that the flavedo had a higher
mean content of flavanone than the albedo, but a lower mean
content of flavone and flavonol. The content of flavone de-
tected in this study was a bit higher than the results from Wang
et al. (2008). Diosmin was principal flavone in flavedo and albedo.
Besides,Wang et al. (2008) showed that rutin contents ranged
from 9 to 290 μg · g−1 DW, whereas Zheng et al. (2014) mea-
sured the contents of rutin to be 17.64 to 228.27 μg · g−1 DW.
However, we found that the rutin contents in the flavedo (49.06–
179.10 μg · g−1 DW) were lower than in the albedo (44.71–
193.25 μg · g−1 DW).
The peels from local pummelo cultivars are also rich in phe-
nolic acids. We found that the contents of 4 most abundant
phenolic acids identified in the flavedo and albedo were gallic
acid, chlorogenic acid, ferulic acid, and caffeic acid. Our results
of cinnamic acid-type phenolic acid content are consistent with
previous research (Jiang et al., 2008; Xu et al., 2008). Chloro-
genic acid is one of the major phenolic acids (Wang et al., 2008;
He et al., 2011), and the content of chlorogenic acid in our study
was also high. Compared to the flavedo, phenolic acid contents
were higher in the albedo. In addition, the content of the phe-
nolic acid gallic acid was higher than that of cinnamic acid. In
this study, contents of phenolics in the actual samples were
different from previous reports, which may be due to the culti-
vation environment, different varieties (Fang et al., 2013), or
treatment methods (Peleg et al., 1991).
4.3. Antioxidant capacity assays
Phenolic compounds play a significant role in the antioxi-
dant capacities of date fruits (Mansouri et al., 2005; Biglari et al.,
2008). At present, citrus fruit antioxidant capacities had been
reported in many studies (Ramful et al., 2010; Lu et al., 2011),
but there are few reported systematic studies on the flavedo and
albedo of mature fruits of pummelo local varieties. There are
many methods to detect the antioxidant capacity of active sub-
stances in plant materials (Guo et al., 2003; Dziri et al., 2012).
DPPH, FRAP, and ABTS are the three most commonly used
methods to determine in vitro antioxidant capacity (Kim et al.,
2002; Kumaran and Karunakaran, 2007; Contreras-Calderón et al.,
2011). In this study, the antioxidant capacities of the two parts
of the peel were different using different determination methods
in all cultivars. The flavedo had higher DPPH and FRAP mean
values but lower ABTS mean values than the albedo.
Lagha-Benamrouche and Madani (2013) reported the antioxi-
dant capacity of peels in orange varieties from Algeria ranged
from 55.46 to 88.00. Our results were higher than this previous
research. However, the correlation between phenolic content and
antioxidant capacity were similar with the results obtained by
Xu et al. (2008). By all accounts, our results indicate that the
peels of Chinese local pummelo cultivars are good sources of
antioxidants, especially YB peels.
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